ABSTRACT Female Culex tarsalis Coquillett in reproductive diapause were infected per os or by intrathoracic inoculation with western equine encephalomyelitis (WEE) or St. Louis encephalitis (SLE) viruses during "fall," maintained over a simulated "winter," and then tested for virus infection and transmission in vitro and in vivo after "vernal" termination. Exposure of F 1 progeny of Þeld-collected females to cool temperatures and short daylength produced females in reproductive diapause that were reluctant to imbibe infectious virus from pledgets soaked with suspensions of virus, blood and sucrose (2.5% by volume). Those infected per os maintained virus at very low or undetectable titers. Some females that originally tested negative for WEE by plaque assay on Vero cell culture tested positive by reverse transcriptase-polymerase chain reaction (RT-PCR) and by Vero cell culture after passage in mosquito cells. Few females became infected orally with SLE, but these infected females developed elevated titers. Females inoculated with SLE retained their infection through winter and then transmitted readily in vitro and in vivo. Feeding on a vertebrate host after diapause termination signiÞcantly increased the titer of SLE in previously infected females. These experiments simulated how infections acquired either horizontally or vertically may provide mechanisms for WEE and SLE overwintering. Attempts to detect infected females during winter following a summer with enzootic WEE activity were negative by both RT-PCR and plaque assay.
WEE and SLE viruses never have been isolated from mosquitoes from late October through early January, when Cx. tarsalis undergoes reproductive diapause in the Central Valley (Bellamy and Reeves 1963) and southeastern California (Reisen et al. 1995) . Isolations have been made (Reeves et al. 1958 , Reisen et al. 1992a ) and sentinel chickens have seroconverted (Reisen et al. 1992b ) occasionally during winter (January to March); however, the source of virus infection in these mosquitoes is unknown. Because Cx. tarsalis terminates diapause as early as late December in California, these females could have been infected when taking their initial postdiapause blood meal. However, virus ampliÞcation has not been detected during this period, and ambient temperatures remain below the threshold for SLE replication in mosquitoes , Reisen et al. 1993 . Therefore, it seems most probable that these females were infected at the end of the previous transmission season by one of the following three mechanisms.
(1) Quiescence. Reproductively active (i.e., nondiapausing) Cx. tarsalis females can be induced experimentally to take an infectious blood meal during fall and then survive Ͼ3 mo, a period long enough to carry virus through winter in California (Bellamy et al. 1967 , Bellamy et al. 1968 ). However, gravid or parous females do not survive winter and are not found in resting collections made during November and December (Nelson 1964 , Reisen et al. 1986b .
(2) Gonotrophic Dissociation. Some female mosquitoes destined for reproductive diapause take a small blood meal without maturation of their ovarian follicles. In Anopheles this behavior is termed gonotrophic dissociation (Washino 1977) and differs from gonotrophic discordance where females not in ovarian arrest take repeated blood meals and develop mature stage V follicles with oviposition (Venkat Rao 1943) . Dissociative behavior also has been described for Culex pipiens pipiens L. (Eldridge 1968, Eldridge and Bailey 1979 ) and blood fed diapausing females were shown to survive winter under experimental and seminatural conditions (Bailey et al. 1982) . This behavior was considered to be responsible for SLE infections in females collected in Maryland (Bailey et al. 1978 ) and for West Nile virus (Flaviviridae, Flavivirus, WN) infections in females collected in New York (Nasci et al. 2001 ) during winter. In the Maryland studies, SLE was isolated only after diapause was terminated artiÞcially, and the females were blood fed and allowed to mature their eggs (Bailey et al. 1978) , perhaps indicating that mosquito reproductive or metabolic condition was related to the infectious nature and therefore the detection of virus by isolation. A comparable condition may have explained why two of three pools collected during winter in New York were positive for WN by a reverse transcriptase-PCR (RT-PCR), but negative by plaque assay (Nasci et al. 2001) . Per os infection of diapausing Culex has been questioned, because experiments with Cx. p. pipiens indicated that diapause alters blood digestion (Mitchell and Briegel 1989a) , attenuates host seeking behavior (Bowen et al. 1988, Mitchell and Briegel 1989a) and limits adult survival (Mitchell and Briegel 1989b) . Host-seeking also is attenuated in diapausing Cx. tarsalis (Mitchell 1981) . The rapid egestion of blood by diapausing females (Readio et al. 1999 ) and the failure of the partial blood meal to stimulate ovarian development (Mitchell and Briegel 1989b) have made it difÞcult to determine if blood feeding and therefore infection per os occurs in nature.
(3) Vertical Infection. Overwintering females may have been infected vertically by the passage of virus from infected female parents. Vertical transmission has been demonstrated experimentally in Cx. tarsalis mosquitoes for SLE (Hardy et al. 1980) but not for WEE . Attempts to detect vertical passage of WEE and SLE under Þeld conditions by testing males or adults reared from Þeld-collected immatures have been unsuccessful (Hardy et al. 1984 , Reeves 1990 Reisen et al. , 1992b , although this mechanism has been shown to occur naturally in ßaviviruses, including WN and Japanese encephalitis (JE) , Dhanda et al. 1989 .
Our research explores the fate of WEE and SLE in Cx. tarsalis females destined for reproductive diapause that may have become infected by taking a partial blood meal or by vertical transmission. To simulate these potential mechanisms females were infected per os by feeding on blood-virus suspensions presented on pledgets and by intrathoracic inoculation, respectively. Low infection rates among F 1 progeny (Hardy et al. 1984) precluded the use of vertically infected females. Viruses recovered during winter have been difÞcult to isolate and seem to require some form of activation by passage in cell culture (Reeves et al. 1958 , CDC 2000 , Nasci et al. 2001 or by activating the metabolism of the mosquito host (Bailey et al. 1978) . Therefore, a second objective was to determine if virus in experimentally or naturally infected overwintering Cx. tarsalis could be detected by plaque assay or required RT-PCR.
Materials and Methods
Mosquitoes. Host-seeking Cx. tarsalis females were collected in dry ice-baited traps operated in the Coachella (experiment 1), Sacramento (experiment 2), and San Joaquin (experiment 3) valleys of California and then fed on a restrained chick for egg development. Eggs were oviposited and hatched at a summer photoperiod (16:8 [L:D] h) and room temperature (22Ð24ЊC). Larvae were reared and allowed to emerge in an environmental chamber set at 16ЊC and a photoperiod of 10:14 (L:D) h to induce diapause (Reisen et al. 1986a) . Two weeks after emergence, 5Ð15 females were dissected, and the length of the primary and secondary follicles of Þve representative ovarioles per female measured to ensure that diapause was induced (Spielman and Wong 1973) . Diapausing Cx. tarsalis have the primary follicle at Christophers stage I and the ratio of the length of the primary divided by the secondary follicle Ͻ1.5 (Reisen et al. 1986a ). Viruses were isolated from Cx. tarsalis within the previous 10 yr and were at Vero cell culture passage 1 when used for experimentation. Stock virus was diluted 1:10 with sweetened (2.5% sucrose) blood (deÞbrinated rabbit or chicken) for pledget feeding and 1:1 with virus diluent for intrathoracic (i.t.) inoculation. To simulate infection per os, females were maintained on 10% sucrose for 10 Ð14 d after emergence, starved for 2Ð 4 d, and then fed repeatedly on pledgets soaked with virus in sweetened deÞbrinated rabbit blood (2.5% sucrose [wt:vol] (Aitken 1977) . Capillary tube contents were expressed into virus diluent, the body placed into a separate tube, and both frozen at Ϫ80C. A second group of females were transferred to midsummer conditions (26 or 27ЊC, 16:8 [L:D] h photoperiod) for Ͼ2 d to terminate diapause and then also assessed for their ability to transmit virus in vitro.
Mosquito bodies and expectorate samples Þrst were tested for infectious virus by plaque assay on Vero cell culture (Reisen et al. 1993) . If negative by plaque assay, RNA was extracted using Trizol (Gibco BRL, Gaithersburg, MD) with silica added as an adhesion substrate for the RNA (Harris et al. 1998) . RT-PCR during experiment 1 used a two-step RT-PCR with Superscript II RT (Life Technologies, Rockville, MD) and random hexamers (Promega, Madison, WI) for RT, followed by PCR using Taq DNA Polymerase (Qiagen, Valencia, CA) with 1 M concentration of virus-speciÞc primers. RT-PCR in experiments 2 and 3 used the Qiagen One-Step method (Qiagen). Viral cDNA was ampliÞed in an Amplitron II thermocycler (Thermolyne, Dubuque, IA) using primers from the envelope region of the viral genomes and Taq polymerase (Qiagen). WEE-speciÞc primers, 2471 forward 5Ј TGTTATTCTGTTCCGCTGCTTT 3Ј and 3055 reverse 5Ј CCCCTTTCTGATGACGACCTT 3Ј (Molecular Biology Insights, Cascade, CO), produced a 584 bp fragment of the E1 WEE genome. WEE RT products from the two-step protocol were ampliÞed using 40 cycles of 94ЊC for 30 s, 57ЊC for 30 s, 72ЊC for 1 min, whereas the One-Step protocol required 30 min at 50ЊC for RT, 15 min at 95ЊC for RT inactivation and Taq polymerase activation, 35 cycles of 95ЊC for 30 s, 57ЊC for 1 min, 72ЊC for 2 min, followed by a Þnal elongation at 72ЊC for 10 min. PCR products were visualized on a 1.5% TAE agarose gel containing 0.1 mg/ml ethidium bromide. Primers for SLE were 1916 forward 5Ј AGGGCACGGGACACTGATT 3Ј and 2272 reverse 5Ј CTGAACGCTCCTCCGAAAACTT 3Ј (Molecular Biology Insights) yielding a 350 bp product from the envelope region of the virus genome. AmpliÞcation using primers 1916 Ð2272 was carried out for 40 cycles at 94ЊC for 30 s, 53ЊC for 30 s, 65ЊC for 1 min followed by a Þnal extension of 65ЊC for 10 min. Females that tested negative by plaque assay, but positive by RT-PCR, were retested on Vero cells after passage through C6/36 or C7/10 Aedes albopictus Skuse cells.
Experimental Design. F 1 female progeny from females collected in the Coachella Valley (experiment 1) and the Sacramento Valley (experiment 2) were infected with WEE (CHLV746 and SAYO166, respectively). At three biweekly (experiment 1) or monthly (experiment 2) intervals, 20 females infected orally and i.t. were assessed immediately for infection and their ability to transmit in vitro. (Wagler) ] as a blood meal source. Remaining unfed and blood fed females were held for an additional 3 d, after which transmission was attempted in vitro. BrewerÕs blackbirds were bled daily on days 1Ð3 after feeding to detect viremia and on weeks 2, 4, and 6 after feeding to detect antibody. For viremia, whole blood diluted 1:5 in virus diluent was tested by plaque assay on Vero cells. For antibody, sera diluted 1:10 in physiological saline was tested by enzyme immunoassay . Antibody data were expressed by formula as the mean of two antigen positive wells divided by the antigen negative well for each bird. In experiment 3, representative females were dissected to assess diapause status at infection, the end of the simulated winter period, and at diapause termination after 5 d maintenance under midsummer conditions. Field Studies. During the winter of 1998 Ð1999, Cx. tarsalis females were collected at study areas in Coachella Valley and Kern County where WEE was active during 1998 (Reisen et al. 2000) . In Coachella Valley, females were collected weekly host-seeking at CO 2 traps positioned along the shore of the Salton Sea from 12 January to 11 March 1999. In Kern County, resting females were aspirated from refugia along the Kern River from November 1998 through March 1999. RNA was extracted and RT-PCR conducted on pools of 16 Ð50 female mosquitoes using the One-step method described above. Pools also were tested by plaque assay on Vero cell culture.
In addition, sentinel ßocks each consisting of 10 Leghorn hens were maintained along the north shore of the Salton Sea from November through March and then bled in March 1999 to detect winter transmission. Blood spots were tested by EIA, with positives conÞrmed by indirect ßuorescent assay.
Results

Experiment 1.
Incubator malfunction during immature rearing and adult maintenance precluded the successful induction and maintenance of diapause in 90% of females in experiment 1 (Table 1) . Upon dissection most females were gravid, containing mature stage V primary follicles, and therefore simulated overwintering by quiescent females (Bellamy et al. 1967 ). These data indicated that sweetened deÞ-brinated rabbit blood-virus suspension probably entered the midgut directly, was digested normally and stimulated ovarian development. Overall, 24 (44%) of 55 females became infected orally and nine (16%) transmitted WEE in vitro. Body titers remained unexpectedly low (Ͻ3.5 log 10 PFU per female), despite photophase temperatures of 16ЊC for 8 h that were above the 12ЊC minimum threshold for WEE growth (Reisen et al. 1993) . Virus infection and transmission rates and mean body virus titers did not increase signiÞcantly during the simulated 2 mo winter period (P Ͼ 0.05). Six females survived 2 d incubation under summer conditions (16:8 [L:D] h, 26ЊC), of which one was infected and transmitted in vitro. In comparison, all inoculated mosquitoes became infected and 25% transmitted in vitro after 1 mo. Experiment 2. Diapause was induced and maintained successfully; i.e., all but one female examined had follicular ratios Ͻ 2.0 and none developed mature stage V eggs. Overall, infection rates (57%) were similar ( 2 ϭ 2.2, P Ͼ 0.05), but whole body virus titers were lower (Ͻ1.40 log 10 PFU per female) than observed in experiment 1 (Table 2 ). An additional three females, originally negative by plaque assay, tested positive by RT-PCR, and two of these three females were positive by plaque assay after passage in C7/10 cells. These data indicated that the failure to detect natural winter infections by cell culture assays may have been due to assay sensitivity and not a lack of virus infectiousness. Virus infection rates did not increase signiÞcantly (P Ͼ 0.05) during the 3 mo simulated winter period or after transfer to simulated summer conditions for 2 d. Virus titers of infected females varied signiÞcantly as a function of months (F ϭ 3.45; df ϭ 2, 53; P Ͻ 0.05), with month 2 Ͼ month 1, but not different from month 3 (least signiÞcant difference (LSD) test, ␣ ϭ 0.05). Moving the females into summer conditions for 2 d did not signiÞcantly increase viral titers in bodies (P Ͼ 0.05). Consistent with the low virus titers in infected females, few (2.9%) transmitted in vitro (Table 2) . In contrast, all inoculated females became infected, and 20.8% of these transmitted WEE in vitro, signiÞcantly more than those infected orally ( 2 ϭ 11.5, P Ͻ 0.001). Experiment 3. At the time of oral infection Ϸ0.5 mo. after emergence, all 13 females examined were in reproductive diapause (Table 3) . After 3 mo under simulated winter conditions, eight of nine females examined had ovarian maturation arrested (i.e., follicular ratio Ͻ2, primary follicle at Christophers stage I with yolk absent from the trophozoite); one female exhibited yolk deposition and was at stage Ib. The follicular ratio at this time was signiÞcantly greater than when females were infected (F ϭ 58.3; df ϭ 2, 32; P Ͻ 0.001), indicating some growth of the primary (Table 4 ). When retested by RT-PCR, six of these 20 females (30%) were positive, and PCR products from three of three females were conÞrmed as WEE by sequencing. Four of these six RT-PCR positive, but plaque assay negative females, also were positive by plaque assay after passage in C6/36 cells, with titers Ͼ10 5.8 PFU/0.1 ml. None of 20 expectorate samples contained WEE when tested either by plaque assay or RT-PCR. After moving the remaining females to simulated summer conditions for 2 d, none blood fed. However, Ͼ1 of these females must have probed and successfully transmitted WEE in vivo, because the BrewerÕs blackbird exposed to this group developed a detectable viremia on day 3 (titer ϭ 4.5 log 10 PFU/0.1 ml) and had three successive positive EIAs for WEE antibody (formula values Ͼ2.6). After 5 d at summer conditions, 14 (70%) of 20 unfed females were positive by plaque assay and Þve (20%) transmitted in vitro, signiÞcantly greater ( 2 ϭ 4.90, P Ͻ 0.05) than the RT-PCR positive rate (30%) before "summer" incubation. Body virus titers were elevated (range, 0.6 Ð7.2 log 10 PFU per female) compared with experiments 1 and 2 (Tables 1Ð2). All inoculated females became infected and half transmitted in vitro; however, none took a blood meal or transmitted WEE by probing on the BrewerÕs blackbird.
Similar to the cohort infected orally with WEE, only one of 20 females feeding on pledgets with SLE was positive by plaque assay; however, no additional females were positive when retested by RT-PCR and none transmitted in vitro (Table 4) . Most pledget fed females apparently did not contain virus, because after 5 d incubation under summer conditions, only one of 20 females was positive by plaque assay; no additional infections were detected in this group by RT-PCR. Seven females blood fed on a BrewerÕs blackbird, but these were not infected and none transmitted SLE by bite. In contrast, all females inoculated with SLE became infected and most (76%) transmitted in vitro. In addition, 13 females infected i.t. blood fed and transmitted SLE to the BrewerÕs blackbird as evidenced by an elevated viremia on day 2 after feeding (4.5 log 10 PFU per 0.1 ml) and antibody on weeks 2, 4, and 6 after infection (formula values Ͼ 2.7). Metabolic changes associated with the termination of diapause and the digestion of the blood meal seemed to enhance SLE infection in the blood fed females infected i.t., because their mean body titer was 7.7 log 10 PFU per female, signiÞcantly greater (F ϭ 28.2; df ϭ 2, 47; P Ͻ 0.001) than 5.8 log 10 PFU per female in unfed females main- b Ratio of the length of the primary over secondary follicle; means followed by the same letter were not signiÞcantly different by least difference test (P Ͼ 0.05). ND, not done. a All females transferred to 26ЊC were offered a blood meal, of which only 7 and 13 females in the SLE group blood fed (BF); fed and unfed females then were maintained at 26ЊC for 5 d.
b Mean and range of titers in log 10 PFU per mosquito for infected females. tained under summer conditions or 6.3 log 10 PFU per female in females tested before summer incubation. Field Studies. A total of 3,614 Cx. tarsalis was collected during the winter of 1999 in Coachella Valley (January 1,401; February 706; March 1,507 females) and tested in 34 pools with negative Þndings (minimum Þeld infection rate, MIR, Ͻ0.28 per 1,000 females tested). Interestingly, a single chicken from one ßock maintained during winter near North Shore from where most of the mosquito pools were collected seroconverted to WEE during the November 1998 Ð March 1999 period, indicating horizontal transmission. However, WEE apparently did not overwinter successfully, because nine sentinel chicken ßocks and 470 pools of Cx. tarsalis tested during the remainder of 1999 were negative for WEE.
In Kern County, a total of 1,834 resting mosquitoes was collected by hand-held and backpack aspirators under bridges and in out-buildings along the Kern River during weekly samples from 4 to 9 sites from November 1998 through March 1999 (Table 5 ). All were tested by plaque assay and RT-PCR with negative results. Overall, 917 Cx. tarsalis were tested with negative Þndings, indicating that the MIR was Ͻ1.09 per 1,000 females. Although active along the Kern River during 1998 (42 isolations from mosquito pools, 27 sentinel chicken seroconversions [Reisen et al. 2000] ), WEE was not detected in Kern County during the summer of 1999 (149 mosquito pools, nine sentinel chicken ßocks), indicating that WEE did not over winter.
Discussion
Maintenance of Cx. tarsalis females for 1Ð3 mo postinfection under simulated midwinter conditions (10:14 [L:D] h, 15Ð16:8ЊC) recorded in Kern County ) seemed to inhibit the growth of WEE. In experiments 1 and 2 infections were detected at low titers in Ϸ50% of females infected per os, and these titers did not increase markedly during the winter period or after 2 d incubation under midsummer conditions. WEE titers in orally infected females and in vitro transmission rates were higher in experiment 1 when most females were gravid and not in diapause than in experiment 2 when most females were in diapause. Previous experiments showed even higher infection (76%, n ϭ 29) and transmission rates for parous Cx. tarsalis females that were infected by feeding on a viremic chick, allowed to oviposit, and then held overwinter in a cellar in Kern County (Bellamy et al. 1967) . Similarly, nondiapausing females infected by pledget and maintained at constant 10 or 15ЊC were infected for 45 and 30 d, respectively; at 15ЊC Ͼ50% transmitted on days 20 Ð30 after infection (Reisen et al. 1993) .
Diapause coupled with cool ambient temperature appeared to inhibit oral infection and viral replication, even though previous studies estimated the minimum temperature for WEE replication to be 10.2ЊC (Reisen et al. 1993) . WEE titers in the bodies of diapausing Cx. tarsalis tested by plaque assay in experiment 2 were very low (Ͻ1.7 log 10 PFU per female) and in experiment 3 were negative. In contrast, previous titers in nondiapausing females maintained at 10 Ð15ЊC ranged from 2.8 to 8.7 log 10 PFU per female (Reisen et al. 1993) . Interestingly, 70% of females in experiment 3 contained infectious WEE after 5 d incubation under midsummer conditions, possibly indicating higher infection rates than detected by RT-PCR. Similar difÞ-culties were reported isolating WEE from females collected during winter (Reeves et al. 1958) . Possibly reduced metabolism and cool winter temperatures precluded viral replication. Ingestion of a blood meal by females infected i.t. with SLE in experiment 3 enhanced viral replication compared with unfed females maintained under identical summer conditions.
Oral infection of diapausing females was difÞcult throughout. Females from our laboratory colonies loose the ability to diapause (Reisen et al. 1986a) forcing us to use the F 1 progeny of Þeld-collected females which were reluctant to mate in small cages under diapause conditions (none of 13 females in experiment 3 dissected after 0.5 mo had sperm in the spermathecae). The transfer of matrone during insemination enhances host-seeking behavior and blood feeding avidity (Klowden 1999 ). Relatively few females (Ͻ5%) fed on each occasion, even though they were starved for Ͼ1 d and offered pledgets containing 2.5% sucrose in small 0.5-liter carton cages. To accrue 271 fed females in experiment 3, for example, it was necessary to offer Ͼ1,000 diapausing females pledgets on six occasions. Females in diapause also refused to blood feed on restrained viremic chicks, agreeing with observations on Cx. p. pipiens (Mitchell and Briegel 1989a) . In addition, the quantity of virus imbibed presumably was less, because most females ingested partial meals that rarely distended the mesenteron. The WEE titers used on pledgets for oral infection were elevated (Ͼ5 log 10 PFU per 0.1 ml), but ingested partial meals probably contained Ͻ0.3 l of bloodvirus mixture or Ͻ100 PFU of virus.
Few diapausing females were infected per os with SLE in experiment 3. The problem seemed to be in the mesenteronal infection process, because females infected i.t. remained SLE positive throughout the simulated winter period and readily transmitted SLE in vitro regardless of diapause status. Temperature alone did not seem to be the impediment, because in a previous experiment nondiapausing females were infected orally and virus was detected in both legs (disseminated infection) and remaining body parts for 72 d at 15ЊC; virus was detected infrequently at 10ЊC (Reisen et al. 1993) . These results were expected because SLE typically requires temperatures Ͼ15ЊC for replication (Hurlbut 1973 , Reisen et al. 1993 . Further study will be necessary to fully understand how diapause alters the mesenteronal infection process. Our current attempts to detect WEE in females collected host-seeking in Coachella Valley after the termination of diapause or resting in the San Joaquin Valley during the winter diapause period were negative, even though specimens were collected from areas where WEE was active during the previous summer. However, WEE failed to overwinter and was not active the summer of 1999 at both study areas. Field investigations during winters positioned between summers when WEE or SLE remain active may be more productive and provide a better evaluation of possible overwintering mechanisms for encephalitis viruses in California.
Our experimental simulations indicated that if Cx. tarsalis females destined for diapause were infected vertically or became infected per os with WEE, they were capable of maintaining their infections for 3 mo and then transmitting virus in vivo or in vitro after diapause termination. Infection per os with low titers of SLE seemed to be an infrequent event, although once the infection had disseminated, transmission seemed likely. Alternatively, the San Joaquin Valley population selected for study in experiment 3 may have been refractory to oral infection with SLE, because populations were found to vary markedly in their vector competence .
It was difÞcult to assess if either of the overwintering mechanisms simulated in the current research actually occur in nature. It is not possible to determine, if an unfed overwintering female has ever taken and passed a small, possibly infectious blood meal without ovarian maturation. Our study showed that, if taken, these small meals could infect females in diapause. However, parity rates in host-seeking populations of Cx. tarsalis progressively increase during autumn (Nelson 1964) , supporting laboratory studies that indicate nulliparous females in diapause are reluctant to seek a blood meal (Mitchell 1981) . Although vertical transmission of SLE by Cx. tarsalis has been shown experimentally (Hardy et al. 1984) , F 1 infection rates were very low and attempts to Þnd infected males or adults reared from Þeld-collected immatures negative (Hardy et al. 1984; Reisen et al. 1992b Reisen et al. , 1992c ). Attempts to demonstrate vertical passage of WEE have been negative , even by Ochlerotatus dorsalis (Meigen) . In agreement, WEE or SLE have never been isolated from Cx. tarsalis during the NovemberÐDecember diapause period (Reeves 1990) , although winter isolates have been reported for both viruses during JanuaryÐ March (Reeves et al. 1958 , Reisen et al. 1992a , after the termination of diapause (Bellamy and Reeves 1963) . That enzootic transmission may occur at this time was indicated by sentinel seroconversion in the current and previous studies (Reisen et al. 1992b) . Whether these Þeld infections resulted from activation of virus infections in females terminating diapause, vertical infection or new horizontal infections was impossible to ascertain.
